Electronic voting systems were developed, in part, to make voting easier and to boost voters' confidence in the election process. Using three new approaches to studying electronic voting systems-focusing on a large-scale field study of the usability of a representative set of systems-we demonstrate that voters view these systems favorably but that design differences have a substantial impact on voters' satisfaction with the voting process and on the need to request help. Factors associated with the digital divide played only a small role with respect to overall satisfaction but they were strongly associated with feeling the need for help. Results suggest numerous possible improvements in electronic voting systems as well as the need for continued analysis that assesses specific characteristics of both optical scan and direct recording electronic systems.
reports that precincts comprising members of traditionally underrepresented groups tend to produce more residual votes than do others (Ansolabehere & Stewart, 2005; Brady, Buchler, Jarvis, & McNulty, 2001; , although Herron and Sekhon (2005) find that some undervoting on the part of Blacks may be strategic and related to the absence of an African American candidate on the ballot.
These studies have made significant contributions to the understanding of election technology, but they are limited by their reliance on a common methodology: They are all based on the residual vote (or some portion of that measure), which captures only a portion of the kinds of problems voters can have. Most gloss over significant differences among voting interfaces that affect how citizens actually cast their ballots, and because most rely on aggregate data, they cannot measure some aspects of individual behavior that could be the source of the voting errors they report. Moreover, studies using aggregate residual vote data must take special care to separate polling place votes from absentee votes as the voting systems used for these two methods of voting might differ (see Traugott et al., 2008 ).
An important next step is to move from election forensics (Mebane, 2006 ) based on aggregate data to direct observation of the interactions between voters and voting systems. This study is an attempt to build on the foundation provided by prior work using a new methodology and data set that directly compare individual voters' experiences when using different voting systems and ballots. Measures recording certain aspects of the voting experience, such as ease of use and trust in the system and whether voters feel the need for help while voting, are important because they can provide insight into what leads to satisfaction and accuracy in voting or, conversely, what causes voter errors and displeasure.
The first step in our research was to assemble a group of human-computer interaction (HCI) experts to conduct a review to assist us with developing measures and hypotheses to guide the field study. HCI draws expertise from psychology, design engineering, and computer science. HCI researchers have developed standard criteria that they apply to computerized hardware and software to assess how individuals can be expected to interact with them and to recommend improvements. One of their major foci is the impact that the complexity of an interface has on the quality of the user experience, including individuals' abilities to accomplish the desired task and to do so with confidence and with little or no need for assistance. HCI assessments typically rely on a set of core heuristics that are modified to meet the needs of specific computer applications. Once these criteria are formalized, the HCI experts apply them in a rigorous and systematic fashion (Nielsen, 1994 (Nielsen, , 2003 .
Working with a team of 12 internationally recognized HCI experts, we developed eight criteria for assessing voting systems: confidence in the system's ability to accurately record votes, ease of use, voter comfort using the system, readability of the ballot and other system characters, ability to understand the ballot, ease of correcting mistakes, ease of changing a vote, and ease of casting a write-in vote (Bederson, Conrad, Herrnson, Niemi, & Traugott, 2005) . These criteria served as major dependent variables in our study. We examine them independently and then in the form of an additive index. The other dependent variable on which we focus is whether the voter felt the need for help while voting, as opposed to voting independently.
Our first set of hypotheses draws on the literature on the digital divide that identifies the highly educated, the young, those well off financially, males, and Whites as the most likely to have experience with computers and other electronic devices (Alvarez & Hall, 2004; U.S. Census Bureau, 2005) . We expect that voters whose reported computer usage and other background characteristics place them at higher levels of the divide will provide more positive evaluations of voting systems that exhibit the most computerization and complexity. Voters with these characteristics also should be more likely to use the various systems without asking for help. The demographic characteristics associated with the digital divide also capture other important considerations. For example, age and education are associated with the ability to use a computer efficiently and effectively. Older adults have been shown to experience more difficulty performing tasks with a computer (Riviere & Thakor, 1996) , and they consistently perform less well both with respect to time required and number of errors committed (Kubeck, Delp, Haslett, & McDaniel, 1996) . We include income, race, and sex because of their relationships to past practices and persistent norms such as the availability of technical training, subject-matter biases in education, the overall use of machinery, and as a reflection of the way political jurisdictions are drawn. 4 These forces all pull in the same direction as those associated with the digital divide. Another group that might experience problems with the new voting systems consists of those for whom English is not the primary language.
A second set of hypotheses also draws on the field of usability and concerns the effects of prior experience. Owing to familiarity with the process and experiential learning, we expect individuals who have voted before to provide more positive appraisals of the voting systems and to be less likely to feel the need for help (Grissom & Perlman, 1995; Nielsen, 1994) . This is logically extended to suggest that specific experiences with voting systems should also matter; voters who have previously used systems similar to those studied may provide more positive appraisals of voting systems with those features and should be less likely to feel the need for help when using them.
Our third hypothesis is that the type of ballot the participants encounter will influence their voting experience. The political science literature (e.g., and the HCI experts have identified ballot design as an important factor in voting. Here we focus on one specific feature of ballot design. We hypothesize that individuals using a ballot with a straight-party option will provide lower evaluations of the systems and will be more likely to feel the need for help than will those using a standard office-bloc ballot because the former adds another layer of complexity to the voting process. 5 Following the expert review, we used a second method to evaluate the voting systems: observation in a usability laboratory. The lab experiment enabled us to record and analyze the voting experience of 42 voters with diverse background characteristics. The findings from the lab study lent some support to our hypotheses about the relationships between voting system attributes, voter evaluations of the systems, and voter characteristics. Because the lab study was videotaped, we were able to code the sequence of actions voters took and assess the amount of time it took them to vote. The findings from the expert review along with the lab data were especially useful in pinpointing voting system characteristics that impacted voters' evaluations of the systems and their need for help when using them (Conrad et al., 2006) .
Research Design Voting Systems and Ballots
We began by reviewing the dozens of paper ballot/optical scan, and DRE systems that are available and selecting six that incorporate the major design principles used in contemporary voting systems. Two considerations limited the number tested. First was the number of systems we could expect subjects to test. Athough we paid subjects $5 or $10 (varying by location) for their participation, asking them to evaluate more than six systems in a given setting seemed infeasible. Second was the willingness of voting system manufacturers to participate. Fortunately, the manufacturers of five voting systems having characteristics we deemed important to test agreed to loan us voting machines and to provide programming and other assistance. To these systems we added a prototype that incorporates design features that rate highly on usability tests but have yet to be incorporated into voting systems (Bederson, 2001 ).
The systems included in the study incorporate a representative array of design principles. 6 Foremost among the differences is the voting interface. Three are touch screen (Avante Vote-Trakker, see Figure 1a ; Diebold AccuVote-TS, see Figure 1b ; and Zoomable protype, see Figure 1c ). Another (Hart Intercivic eSlate, see Figure 1d ) uses a wheel-and-button system to navigate and vote. One (Nedap LibertyVote, see Figure 1e ) presents the entire ballot at once and requires voters to press "membrane buttons" (smooth buttons located behind the ballot) to vote. The final system (ES&S Model 100, see Figure 1f ) uses a paper ballot and an electronic optical scan system for checking the ballot before it is cast. Another major difference was whether the system included a so-called voter-verifiable paper trail. This feature was on one of the systems tested (and is inherent in a paper ballot). Other differences include whether the ballot advances automatically after a vote is recorded and the type of online help it offers. (More full descriptions are provided in Herrnson et al., 2008.) The same ballot-of our own design-was used on all voting systems. It was about the length of ballots used recently in many states, containing 18 offices and four ballot questions. The ballot contained most of the features that occur in ballots across the states: partisan and nonpartisan sections, federal, state, and local offices, multiple parties, an uncontested race, and races with more than one candidate to be elected. There were two versions: a standard office bloc design and another that differed only in that it included a straight-party option for partisan offices (a party-column design on the LibertyVote). The ballots were programmed onto the systems by their manufacturers (or with their assistance) to ensure that voters were presented with the best possible voting interface. When voting systems offered different programming options for ballot presentation or other features, we instructed the manufacturers to use the configurations most frequently requested by election officials.
The Field Study
The goals of the field study, our third method for assessing voting systems, made it important to recruit a diverse set of participants. We made special efforts to involve individuals with a wide range of relevant experience. We included frequent computer users and individuals who had not used computers at all. Likewise, we recruited especially among the young (who had little voting experience of any sort) and the elderly (who might have physical problems that would make voting difficult and who might be unfamiliar with computers). The 1,540 participants were recruited from university student bodies, faculty, and professional and maintenance staffs; upscale and downscale shopping malls; senior citizens' facilities; community centers; and other places. The study was conducted in a variety of urban and suburban areas in Maryland, Michigan, and New York. These states rely on different voting technologies, ensuring that participants had exposure to a variety of voting systems and ballot designs. 7 The result of our recruitment efforts is a sample of participants with significant variation on key background variables (see Web appendix). 8 As part of a brief orientation to the project, participants were asked to read a voter guide (or information booklet). The voter guide resembles the nonpartisan sample ballots mailed to registered voters by election officials in some localities and published in some local newspapers. Voters frequently circle their choices on these samples and take them into the voting booth to aid them in voting. By recording their voting decisions ahead of time, voters are able to cast their ballots without relying entirely on memory. For each race, the voters were asked either to make their own choices or to vote a particular way. We asked voters to make some selections on their own, in response to information about specific candidates, to get and keep them engaged in the voting process. The primary reason for asking voters to vote a particular way in some contests was to have them do the things that voters frequently do in the polling place: change a vote, cast a write-in vote, and omit a vote for one office. Participants were directed to vote on one of the systems and to complete a questionnaire when finished. Some 788-just over half-of the participants made open-ended comments on one or more of the systems, which indicates the seriousness with which they undertook the exercise. 9 This procedure was repeated until each had voted on all six systems. The order in which participants voted on various systems was determined using a 6 × 6 randomized Latin square design to mitigate the impact of learning effects (or a 4 × 4 design in which individuals were tested on only four systems). Participants concluded the experiment by completing a demographic questionnaire. (The instruction booklet and questionnaires are provided in Herrnson et al., 2008 , and the web appendix).
Results

Assessments of Voting System Characteristics
Given all the publicity about problems with voting procedures, our initial, most general finding is how favorably the various systems were rated. An overall evaluation of the systems, created by averaging the responses for each system on the eight usability characteristics, where evaluations range from 1 (lowest) to 7 (highest), is presented in the bottom row of Table 1 . Five of the systems received an average score above 5.0, and two of the touch screen systems scored close to 6.0. Nevertheless, participants varied in their responses on some criteria and viewed some systems more favorably than others. Most important, perhaps, are the relatively high levels of voter confidence, especially in the DRE systems. When asked how much they disagreed or agreed with the statement "I am confident that my vote was accurately recorded," the three touch screen systems were rated more highly than the paper ballot/optical scan system (for each of the three comparisons with the ES&S, p < .001, twotailed). Far from expressing concern over the "black box" of electronic gadgetry, voters judged the touch screen systems as highly reliable.
Most of the lower ratings involve changing votes or simply correcting mistakes. Even on the systems most highly rated on this feature, Diebold and Zoomable, this was typically the lowest rated feature. Based on our observations, and the analyses from the lab experiment and review by HCI experts (Bederson et al., 2005; Conrad et al., 2006) , it is clear that some voters were confused by the need to deselect a candidate before voting for another one on these systems.
We can better explain the usability ratings by linking them, insofar as possible, to the features of the individual systems. We organize the discussion by the type of voting interface, as that is the most significant difference between systems. In making connections between features and rankings, we rely heavily on the judgments the HCI experts expressed during the expert review, the almost 800 comments of those participating in the field study and observations we made during that study, and by the laboratory experiment.
10 Following this discussion of the various system characteristics, we present the results from our models of the effect of individual characteristics on overall satisfaction and the need for help.
The paper ballot with optical scan. A priori, one might have thought that paper ballots would set the standard against which all other methods of voting would be judged. After all, a paper ballot is familiar to nearly everyone, and a mark on a piece of paper is tangible and remains visible throughout the voting process. Indeed, much of the discussion about DREs has been about the absence of a paper trail, which many activists argue is the ultimate backup. Despite all this, the paper ballot system was not rated especially well in terms of the confidence voters expressed that their vote would be accurately recorded.
The explanation for the middling confidence expressed in the paper system may lie in a number of features of the ballot and of the voting process. First, everything on the ballot is visible at once (technically, with a flip of the page): general instructions, reminders to "vote in next column," the 18 offices to be voted on, and the four ballot questions. For some, this amount of information may have been overwhelming, leading them to wonder whether they correctly filled out the ballot. At least two other features led to the low confidence rating. One was the difficulty of making changes. If voters made a mistake, they were supposed to obtain a new ballot. If they did trade ballots, they may have felt that filling out the ballot a second time created more opportunities for mistakes. If they erased their mark and revoted on the same ballot (as many did), they may have felt that the erasure could create a problem. Indeed, of the 382 individuals commenting negatively on the paper ballot system, nearly a quarter-considerably more than for any other category-wrote about changing votes: "Changing anything was time consuming," "having to get a new ballot with mistake was a pain," and it was "time consuming if you make a mistake."
The second shortcoming was that the ES&S system required two steps, yet there was little meaningful feedback. Most voters seemed oblivious to the fact that their ballots were being scanned for overvotes when they put them into the ballot feeder attached to the ballot box.
11 Apart from feedback related to overvoting, there was no indication that the ballot was filled out properly or completely. Lacking a review feature, voters could not be sure their votes were cast as they intended.
On criteria such as ease of use, comfort, readability, and ease of understanding, the paper ballot was judged more favorably, although still not at the level of the highest-rated DREs.
12 Some of the same factors-a large volume of information presented at one time and shortcomings associated with changing a vote-may have detracted from the voting experience.
Casting a write-in vote was judged to be very easy. This is not surprising because there was no keyboard to contend with; on a paper ballot, one truly writes in the name. However, simplicity does not necessarily mean that individuals voted correctly. Indeed, an analysis of the ballots shows that 26% of the voters failed to fill in the bubble beside the write-in, which is how the computer indicates that a ballot needs to be counted by hand . In this regard, paper ballots may be deceptively easy.
Touch screens. Touch screens have been hailed as the modern way to vote, similar to ATMs at banks, check-in options at airports, and fuel pumps at Herrnson et al. / Electronic Voting Systems 591 gasoline stations. They also have been maligned by some activists as unfair to those with little computer experience and as problematic for their reliance on fallible electronics, their lack of transparency, and their questionable security. Our field studies demonstrate that the general public does not perceive these to be serious problems. On the crucial rating of confidence, all three were rated higher than the alternative systems (p < .001 for all comparisons, two-tailed), and two-the Diebold and the Zoomable systems-were given especially high ratings-a mean of 5.8, with 50% expressing the strongest level of agreement (a score of 7) with the statement that their votes would be accurately recorded and more than 70% giving them a 6 or 7.
The high ratings on the confidence measure for the Diebold and Zoomable systems indicate that voters do not necessarily need a paper ballot or paper trail to trust that their votes are recorded accurately. The fact that the Avante system, which has a paper trail, was rated highly on confidence relative to how it was rated on other measures, suggests some potential benefit of having a paper record. Nevertheless, most of the evidence is to the contrary. We observed that few of the participants took the time to thoroughly examine the paper record, despite our calling it to their attention when introducing them to the system; video from the lab study corroborates these observations from the field (Conrad et al., 2006) .
The Diebold and Zoomable systems were rated highly across the board. Few voters had problems with the Diebold, and most of those had to do with getting started-shortcomings easily remedied without violating the privacy of the vote. The Zoomable system was rated only slightly lower on ease and comfort. Of the 329 subjects who made negative comments on this system, about 10% found its unique zooming feature distracting or confusing.
The Diebold and Zoomable systems also were rated favorably on ease of correcting mistakes, making changes, and casting write-in votes. On the Diebold system, some subjects were unaware of the need to deselect before making another selection, leading to somewhat reduced ratings on correcting mistakes and changing a vote. As for write-in votes, the Zoomable system was rated best (although not statistically better than the paper ballot), evidently because a keyboard popped up front and center in the middle of the screen.
Both systems suffered slightly from problems related to casting a vote. On the Diebold system, the reaction to the instruction "CAST BALLOT" was too slow for some voters, causing them to push it extra times rather than waiting for the system to complete the task. With the Zoomable system, the screen target area labeled "review and cast ballot" was visible all of the time, leading some voters to touch it after selecting candidates for every office. This created problems in navigating to the next office. In addition, after one person completed voting, the "begin vote" for the next voter appeared, leading some individuals to write comments indicating that they were unsure whether they had actually finished voting.
Voters provided less positive feedback on the Avante system, rating it lower on all measures than the other touch-screen systems. There was also greater differentiation in its ratings. As noted, it was given a relatively high score on confidence that one's vote would be recorded accurately. It was also judged relatively easy to read and understand (but significantly lower than the other touch screen systems, p < .002, two-tailed). However, voters generally rated the Avante system lower on comfort and ease of use.
13 Voters rated it especially low for correcting mistakes and changing votes, rating it a point lower than the Diebold and Zoomable systems (for each measure and machine comparison, p < .001, two-tailed). Among the 446 voters who commented on the Avante system, a quarter noted this factor.
The lack of comfort and the low ratings on changing votes can probably be traced to the automatic advance mechanism, which distinguished this system from all others. The HCI experts were quick to note that this feature added to the complexity of voting and reduced one's ability to control navigation through the ballot. Ten percent of the voters who commented about the system referred to this. Casting a write-in vote was also a problem for many voters on the Avante system. One needed to enter the first name, tab, and then enter the last name. This feature often went unnoticed by voters, who typed in both first and last names at once and then had to delete the last name and re-enter it. Finally, the comments of some voters as well as our viewing of the videotapes from the laboratory experiment indicate they found the review and voting process somewhat confusing. After a voter pressed the screen to vote, the system printed the paper record and asked if the voter wished to accept the vote as shown on the record. However, this only allowed them to verify their vote, not change it. A few voters made comments indicating that they did not quite understand the final step. The response of one voter was typical: "At the end I thought I had cast my vote, but I had to cast it again." Wheels and buttons. The most unique system had a mechanical interface for navigating and selecting and entering one's choices. The HCI experts warned that the wheel could be difficult to learn and would lead to confusion at various stages of the voting process. Compared to the touch-screen systems, voters reported the wheel and buttons as less comfortable and the ballot not as easy to understand (for each measure and machine comparison p < .001, two-tailed). The wheel and button mechanisms posed challenges Herrnson et al. / Electronic Voting Systems 593 to voters when they activated the system, entered candidate selections, made corrections, and changed a vote. Many commented that the mechanisms were slow and cumbersome, reflecting the fact that it took more steps to perform most actions, including voting for candidates, than did it on the touch-screen systems. These issues showed up clearly in the analysis of the videotapes from the laboratory experiment (Conrad et al., 2006) .
Another reason for the low ratings of this system was related to navigation across the ballot. The wheel does not provide one-to-one tracking-that is, movement of the wheel does not correspond to movement across the screen. This added to the problems some voters had in locating where they were on the ballot. Many who asked for help on this system were looking for particular candidates and did not realize that they had moved several offices beyond the bloc in which the candidates' names would appear. When they figured this out (perhaps after assistance), they would turn the dial in the other direction, often moving too far back-beyond offices they had already voted on. Even when they had the correct office in front of them, some voters found it difficult to stop the wheel on their chosen candidate. Of the 653 people who commented on the system, 40% referred to its navigation features.
The HCI experts also noted that the process for casting the ballot could cause confusion. When it came time to cast a ballot, voters pushed a castballot button, which took them to a review screen. Often, after looking it over, they would push the vote button again, thinking they were done. What they got instead was a second review screen, which listed the remaining offices on the ballot. Many voters reported this confused and frustrated them. The low confidence rating voters assigned to this system may reflect the accumulated frustration many voiced about it.
14 Membrane button, full-screen system. The full-face ballot system we tested was rated relatively low across the board. Such variation as did occur found the highest rating for ease of understanding-probably owing to the fact that the entire ballot was laid before the voter. The low ratings were probably due to multiple challenges faced by voters. First, because the system had no shielding to prevent glare, it was difficult to see the screen in a well-lit room.
Second, the membrane buttons may have contributed to the low ratings on comfort and ease of use.
15 Although the button was covered by the ballot, so one did not actually see it, one had to push directly on it using some force. Thus, some voters pushed on the ballot very close to the button but without any effect. One third of the 583 subjects commented negatively on the buttons.
Correcting mistakes required deselecting one candidate before selecting another. This may have combined with the workings of the membrane buttons to further contribute to the low ratings for those processes. Casting a write-in vote was given a low rating as well. The text window was small, making it hard for some to see the results of their actions, and there was also no way to check one's write-in vote just prior to casting the ballot.
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There were additional problems when casting the ballot. When some offices were left blank, the system informed voters they had undervoted, but the text window was so small that some did not notice the message. When they did understand the problem, they sometimes voted for one office they had left blank but failed to notice other such offices, leading to a series of undervote messages. In addition, when the screen said "Ballot Complete," voters often failed to realize that they still had to press "Cast Ballot." All of these difficulties undoubtedly contributed to the low rating given this machine on confidence that one's vote would be recorded accurately.
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The Need for Help
Although the overall ratings of the voting systems were quite high, many voters needed assistance in using them. This is cause for concern, as not everyone who feels the need for help asks for it, which potentially results in some voters taking more time than is necessary, being less happy with the experience, and even making mistakes. Moreover, when election officials provide help, it typically results in some sacrifice of privacy. Roughly 18 to 24% reported that they needed help with the paper ballot/optical scan system and with the two most highly rated DREs (see Table 2 , bottom row).
18 Voters needed considerably more help with some of the other systems.
The percentages asking for help indicate that some aspects of voting are not intuitive and readily performed by all. Computer-savvy, nimble-fingered voters have little difficulty with any of these systems (as our multivariate analysis below demonstrates). Navigating backward and forward, using review screens, deselecting before reselecting, typing in names, and touching the screen are second nature to these individuals, and they can perform them dexterously. But voters who are unused to computers or whose fingers and joints are not so agile find at least some steps problematic, especially when asked to perform them on unfamiliar equipment.
For the paper ballot/optical scan system, requests for help were mostly related to two steps: changing a vote and inserting the ballot into the opticalscan vote checker. In our field study, it was clear that voters did not understand the concept of an overvote. They often needed instruction to correct their ballot or to override the system if they decided to cast the flawed ballot. Note: Entries are percentages. The LibertyVote system was tested using a party-column ballot, as it could not accommodate a straight-party option. TS = touch screen *p ≤ .10. ***p ≤ .01 (for the difference between ballot formats).
Changing votes and correcting mistakes also led to many of the requests for help on the other systems, although in the case of the DREs the need to deselect before reselecting (rather than the question of erasures) was at issue. Similarly, casting the vote resulted in some confusion, although with the touch screens, the questions involved the need to push "vote" more than once. In the case of the wheel-and-buttons system, navigation problems were also at the root of many requests for help.
The findings also demonstrate the importance of ballot format. Approximately two thirds of the participants in our study had not previously encountered a straight-party option, and those who voted with one asked for help more often than those did who voted using an office-bloc ballot. The largest difference was for the ES&S system and the smallest (and statistically insignificant) was for the Diebold system. The likely explanation is that voters are more likely to become confused when confronted with all of the choices at one time, including the possibility of casting a straight-party vote, than when a system gives them the opportunity to vote straight party and then automatically advances them down the ballot. Although the Nedap system could not be programmed with a straight-party option, the results for it also demonstrate that the interaction of ballot style and voting system matters. Voters who encountered the party-column ballot, which is the system standard, felt the need to ask for help more often than did those who were presented with an office-bloc ballot.
Multivariate Analysis
Contrary to our initial expectations, voters' ratings on the various system characteristics were highly correlated, appearing to tap into an overall assessment of each voting system's perceived usability (Cronbach's alpha was .90 or higher for each system). As a result, we created an index defined as the average rating across the eight usability questions.
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To test the hypotheses set out earlier, we regressed this index on a variety of individual-level characteristics as well as the type of ballot voters used and, as controls, dummy variables for two of the three locations in which the experiments were carried out and a variable that records the order in which each individual voted on each voting system. 20 Table 3 reports the results. The most striking finding is the predominance of substantively modest results.
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Although a number of studies (e.g., Bullock & Hood, 2002; Herron & Sekhon, 2003; Knack & Kropf, 2003; have found a strong connection between individual characteristics and residual voting rates, we do not find a similar relationship with respect to satisfaction with the voting systems. With respect to the hypotheses relating to the individual characteristics associated with the digital divide, our most direct measure, computer usage, is positive and statistically significant for two of the most highly computerized systems: Diebold and Zoomable. However, the effect was substantively small. 22 For example, voters who reported using a computer 5 days a week rated the Zoomable system on average only one half of a point higher than did voters who never used a computer. For the ES&S optical-scan system, although the effect was small it indicates that frequent computer users were less satisfied with this largely paper-based system.
Even when the other individual characteristics had effects that were in the expected direction, the effect sizes were modest. For example, whereas the results for income indicate that wealthier voters rated all but the Hart system more highly than did less affluent voters, the difference, even between those with the highest and lowest incomes was substantively small on average, amounting to only about one third of a point on the 7-point scale. Though, as expected, older voters were less satisfied than younger voters were on systems such as the Hart (also Avante and Zoomable), which as the experts noted had a number of confusing features, again in terms of substantive significance the differences were quite small. One other characteristic deserves attention-that is, race. Contrary to what one might expect from the literature on the digital divide, our results suggest that African American voters were slightly more satisfied with the new systems than were White voters and those of other races, although the effect was never greater than one half of a point.
Whereas the variables for experience with similar technologies tended to have a positive effect, as was the case with the other individual characteristics, this type of experience did not meaningfully affect the ratings. 23 The results for previous voting experience stand out: Those who had previously voted consistently provided slightly lower ratings than did those who had never voted. Perhaps it reflects the experienced voters' discomfort with change or the lower expectations among nonvoters.
Individuals using the standard office-bloc ballot generally responded more favorably than did those using the office-bloc ballot with the straight-party option (or the party-column ballot in the case of the Nedap system). However, this effect was rather small and statistically significant for only half of the systems (ES&S, Zoomable, and Hart). Of course, voters who encountered the straight-party feature had to deal with more complexity in that they had to decide whether to use it and what to do if they did. Strictly speaking, of course, this is a problem caused by the ballot, not by the voting system per se. Nevertheless, this added complexity spilled over into participants' ratings of the voting systems even when additional factors were taken into account.
In contrast to the results for satisfaction, the individual characteristics associated with the digital divide and political cleavages had a much greater impact on voters' abilities to cast their ballots independently and without feeling the need to request any assistance (Table 4) . 24 In general, those with little computer experience, the lowest incomes, older participants, and women were the most likely to report that they felt the need for help. Although the results were statistically significant on just one system (Avante), those who regularly speak a language other than English were also more likely to feel the need for help. The differences for African Americans suggested that they also were more likely to feel the need for help, but the effect was statistically significant only for the Zoomable system.
To provide a clearer picture of what these results mean, we calculated the marginal effects for the variables of greatest interest ( Table 5 ). The effect of computer usage varied across the systems. Whereas it barely mattered for the ES&S and Avante systems, a small increase in computer usage led to a 3-to 4-percentage-point drop in the likelihood of feeling the need for help on two of the most highly computerized systems (Diebold and Zoomable) and, somewhat surprisingly, to a 6-point decrease on the Hart system.
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Education and income had little substantive impact across all of the systems, but age and gender had larger effects. The impact of age reached as high as 12 percentage points on the Hart and Avante systems. Age mattered less for the other systems. Not surprisingly, it mattered least-only about 4 percentage points-for the paper ballot/optical scan system. With respect to gender, men were 10 points less likely to report feeling the need for help on the Hart system and 2 to 6 points less likely to report feeling the need for help on each of the other systems. Although the effects of language were statistically significant only for the Avante Vote-Trakker, they were huge: Those who do not speak English regularly were 29% more likely to feel the need for help on that system.
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Previous voting experience was generally associated with a lower likelihood of feeling the need for assistance when voting. On all but the ES&S and Hart systems, the effect was both substantively and statistically significant. Having previously voted led to a 7-to 13-point reduction in the probability of feeling the need for help on the other four systems. Those who had previously voted on touch-screen, mechanical, or paper-based voting systems were not much less likely to feel the need for help on systems that used similar interfaces.
Differences across ballot types had a noticeable impact on citizens' experiences with the voting systems. Participants who used standard officebloc ballots were less likely to report feeling the need for help than were 600 American Politics Research Table 4 The those who used a straight-party ballot (or party-column arrangement on the Nedap system). The effect was statistically significant for all of the systems except Diebold. The size of the ballot effects ranged from an 8-percentagepoint decrease on the Zoomable and Avante systems to 16-percentage-point decrease on the ES&S. These results suggest that debates over the inclusion of a straight-party device should be extended beyond the usual arguments about partisan advantage to include issues concerning the challenges voters face when using these ballots.
Conclusion
The results of our field study demonstrate that all six voting systems we tested were judged quite favorably. Despite the absence of training preceding the tests, voters were able to negotiate their way through the systems. At the same time, voters found some design features annoying, perplexing, or disconcerting; they expressed varying levels of confidence that their votes would be accurately recorded; and they often felt the need to ask for help in completing the voting process.
Especially interesting was that voters were more confident that their votes would be recorded accurately by the paperless touch-screen systems than by other systems, including the system using a paper ballot. The favorable responses that voters had across the board to the Diebold and Zoomable systems suggest that critics of touch-screen voting equipment may be somewhat premature and harsh in their judgments. The fact that the Avante system was judged less favorably in terms of correcting mistakes, changing votes, and the ability to vote without asking for help suggests that voters were not entirely comfortable with its automatic advance mechanism but that they prefer systems that allow them to exercise more control over the voting process. The DRE systems with the lowest levels of visible computerizationthe Hart and the Nedap-were not evaluated as favorably as were the touchscreen systems on most criteria. Together with some results showing that the Hart system is prone to produce higher levels of residual votes and voter errors (Brady & Hui, 2006; Herrnson et al., 2008, Chapter 4; Kimball, 2004) , our findings suggest a possible link between attitudes and performance. Research investigating the possibility of this connection would represent a significant advance.
We found little support for our hypotheses regarding which individuallevel characteristics explain satisfaction with the systems. The results for voters' perceived need for help provided substantially more support for our Herrnson et al. / Electronic Voting Systems 603 expectations. Voters with little computer experience, senior citizens, and individuals whose predominant language is not English had a greater need to ask for help on most of the systems. Having previously voted also reduced the probability that voters would feel the need to request help. Collectively, the findings for satisfaction and need for help lead to complementary implications. The former suggests that voting manufacturers need to be more careful about their designs and more diligent about testing them for usability. The latter suggests that, in addition to improvements to the systems by the manufacturers, election officials need to consider the needs of certain types of voters, perhaps deploying more poll workers in precincts with high concentrations of the elderly and others who, our results indicate, are more likely to need help.
The results also establish support for our hypothesis regarding ballot design. This was a significant factor in conditioning voters' requests for help on all of the voting systems except the Diebold. The consistency of the results suggests that ballot types can complicate the voting experience. This may be especially so when state laws permit "straight-party voting with exception," with its complicated instructions . Based on these results, as states and localities transition to new voting systems they should take seriously the opportunity to program those systems with ballots that are more user-friendly.
27
Our findings have implications for scholars, voting system manufacturers, ballot designers, and election officials. First, they introduce three new approaches to testing voting systems and ballots: expert reviews, laboratory experiments, and field studies. Second, they identify features that contribute to or detract from the usability of voting systems and ballots, thereby suggesting potential improvements. Control over navigation across the ballot is a key case in point. Third, the findings demonstrate that substantial numbers of voters feel the need for assistance and, fourth, that certain groups of voters are especially likely to need extra help. The latter results, connected as they are with the digital divide, show that inequalities that exist in other parts of the electoral process carry over to the need for help when using the voting systems. Combined with long lines at the polls, less contact from campaigns, greater problems with registration, and so on, the impediments and inequalities posed by new voting systems might further skew satisfaction with the election system.
Not surprisingly, our analysis leaves some questions unanswered, including how many times voters must use a new voting system before they become accustomed to it and more confident in the system's performance. Moreover, we have yet to assess the impact of the voting systems and ballot designs on the amount of time it takes to vote. More research on the interactions between voting systems and the broader context in which citizens vote, including how elections are administered, is also needed. Whereas we find that satisfaction, including confidence, is similar for Black and White voters, Alvarez et al. (in press) find that although confidence remained steady for White voters from 2000 to 2004 it dropped markedly among Black voters. Our finding that interaction with the voting systems does not reveal racial differences lends weight to their suspicion that issues related to the politics and administration of the 2000 and 2004 elections, besides voting interfaces, explain lower confidence levels among Black voters. Additional research also should address the influence of poll workers on the voting experience. Atkeson and Saunders (2007) show that voters' opinions about elections are influenced by how poll workers perform their jobs. Additional studies of actual elections should capture voter reactions to the type of voting system and ballots used as well as the number and nature of voter-poll worker interactions. Finally, we have tested only six voting systems and ballots in a limited number of test sites. Further research is needed to broaden the investigation to include more voting systems, ballots, and localities. Regardless, we have demonstrated that the design of voting systems and ballots influences voter satisfaction and need for help. Given the centrality of voting to the democratic process, these are important concerns.
Notes
1. Other concerns include voter accuracy (the ability to cast votes as intended) and reliability and security (Feldman, Halderman, & Felten, 2007; Rubin, 2006) . These topics are beyond the scope of this article.
2. Our field tests involved the recruitment of a diverse set of participants in shopping malls, offices, and other settings to cast votes in a simulated election on each of the systems. The field tests differ from field experiments (e.g., see Green & Gerber, 2004 ) in that we did not randomly select participants and did not have a definitive control group; however, we did randomly assign the order in which the participants voted on the systems.
3. Because the voting systems vary with respect to computerization, we do not expect these characteristics to have a uniform influence across systems. For example, computerization is limited on optical scan systems, suggesting that whereas those with high levels of computer experience might find them less satisfying than direct recording electronics (DREs), older voters might find the optical scan systems more satisfying. We incorporate these expectations into our discussion below.
4. Sex may, in fact, yield small or nil differences. Women are only a few percentage points less likely to live in a home without a computer, and in those homes slightly more women than men report using the computer. More women also report using a computer at work (U.S. Census Bureau, 2005) . African Americans are much less likely than are Whites or Asians to live in a home with a computer, but among those who have computers the difference in usage is less than 16. A technical problem with the write-in vote meant that a number of people could not enter the name and the message in the window was uninterpretable. To get around the problem, we had them start the write-in process again.
17. The Nedap system was rated significantly lower than ES&S (p = .026), Diebold (p < .002), Avante (p < .002), and Zoomable (p < 0.002), all two-tailed.
18. At one test site, we recorded whether individuals actually received help using the voting systems. For the six systems, the average correlation between reporting the need for help and receiving help was r = .82 (p < .001).
19. The index was created for respondents who answered at least six of the eight usability items and has a theoretical range from 1 to 7. We decided to use OLS rather than ordered probit given the large number of values the variable takes on and a preference for not having to make somewhat arbitrary choices about how to collapse the values into a smaller set of categories.
20. The location variables are, in a sense, catch-alls that pick up differences in the populations across the three sites and any differences in how the field tests were administered. The order variable is to control for learning and fatigue effects. It is coded from 1 (the first machine on which the participant voted) to 6 (the sixth machine on which the participant voted). Negative coefficients indicate that the later the voting system was used in the sequence the less satisfied the voter was. Note that the drop in sample size from the earlier tables is largely because of item nonresponse on the income question. Although we do not have strong theoretical expectations with respect to nonlinear effects, we did check for this by examining the relevant bivariate relationships, finding little, if any, reason to reject the linear specification of these variables.
21. To see whether the absence of statistical significance is because of multicollinearity, we reran the regression models and computed the variance inflation factor. The rule of thumb is that variance inflation factors larger than 10 suggest problems. In our case, the variance inflation factor averaged under 2 and was never larger than 5. In addition, we experimented with deleting variables that we thought might be correlated with others in the model, but the results did not change materially.
22. The auto-advance mechanism on the Avante might explain why frequent computer users were not more satisfied with the system. That is, this feature might have been especially annoying for the computer savvy, who are used to having more control when using computerized devices.
23. The negative (though insignificant) coefficients for previous experience with similar systems for the Avante and Zoomable systems likely stem from lack of experience with the unique autoadvance and zooming mechanisms, respectively.
24. As noted above (Note 17), there was a strong correlation between reporting the need for help and receiving help. The results reported in the text and tables are for the perceived need for help. Because the dependent variable was binary (coded 1 if an individual reported feeling the need for help and 0 otherwise), we used a logit model. In this model, negative coefficients on the order variable indicate that the later the voting system was used in the sequence the less likely it was that the voter felt the need for help.
25. With respect to the Avante system, although its high level of computerization would lead one to expect frequent computer users to be less likely to need help, it is possible that using a computer frequently does not translate into greater ability to figure out how to gain more control over the autoadvance mechanism.
26. The lack of statistical significance for language on the other systems may, in part, be because of the small number of voters in our study who do not speak English regularly.
Although all of the substantive effects were large, it should be pointed out that the machines we tested were not set up to operate in other languages, and voters who spoke only another language did not participate.
27. The experience of the state of Maryland provides an example. Prior to the statewide adoption of the Diebold system in 2004, some counties in Maryland used party-column ballots, but with the transition to the new system all counties moved to an office-bloc ballot.
